The properties of charged-particle motion in Hamiltonian dynamics are studied in a magnetotail-like magnetic field configuration. It is shown by numerical integration of the equation of motion that the system is generally nonintegrable and that the particle motion can be classified into three distinct types of orbits; the bounded integrable orbits, unbounded stochastic orbits and unbounded transient orbits. It is also shown that different regions of the phase space exhibit qualitatively different response to external influences. The concept of Adifferential memory? in single-particle distributions is proposed. Physical implications to the dynamical properties of the magnetotail plasmas, and the possible generation of non-Maxwellian features in the distribution Figure 1 gives a schematic drawing of such a magnetic configuration and the coordinate system. A considerable amount of work already exists, dealing with a number of specialized aspects of the particle motion. The methods used include approximate analytical methods (Speiser, 1965; Alexeev and Kropotkin, 1970; Sonnerup, 1971; Stern and Palmadesso, 1975; Pellat and Schmidt, 1979) and numerical methods (Speiser, 1967; Cowley, 1973; Eastwood, 1972; Swift, 1977) . More recently, Wagner et al. (1979) performed a numerical study encompassing the previously studied orbits.
In all of the previous works, the underlying implicit concept is that the particle motion in a quasi-neutral sheet is ultimately regular and integrable.
In this paper, we demonstrate that charged-particle motion in a quasi-neutral sheet is nonintegrable because of the normal magnetic field component. Recent developments in nonlinear dynamics (see, for example, Lichtenberg and Lieberman, 1983 ) have led to important and novel insights into the physical properties of dynamical systems. For the system of interest here, i.e. the magnetotail, we find that the phase space structure of the particle orbits can yield important information regarding the longtime plasma properties of the system not available via the conventional approach.
For example, we find that particle motions can be classified into three distinct major types of orbits; the bounded integrable orbits, unbounded stochastic orbits and unbounded transient orbits. The existence of distinct classes of orbits has profound effects on the plasma particle distribution and on the response of the magnetotail to external influences. Moreover, the distribution and character of the charged-particle orbits can have a significant impact on other dynamical properties of the magnetotail. One important example is the tearing-mode instability (Furth, 1962; Pfirsch, 1962; Laval et al., 1966) which has long been thought to *play an important role in magnetic field reconnection (Coppi et al, 1966; Schindler, 1966) . It has recently been shown that the theoretically predicted growth rates of the collisionless tearing instability can be increased dramatically by the presence of temperature anisotropy or other "-non-Maxwellian features in the particle distribution Chen and Lee, 1985) . In particular, the growth rate can be enhanced in excess of a few orders of magnitude and the wavelengths of the fastest growing modes are shortened significantly. As will be seen in the following sections, there is a close connection between the topology of the magnetotail magnetic field and the properties of particle distribution functions which can persists in the tail for more than a few transit times. A fundamental question, then, is whether the --magnetotail can sustain free-energy carrying non-Maxwellian features that
can support large-scale instabilities of potential relevance to magnetotail dynamics, such as the anisotropic collisionless tearing mode. Thus, it is desirable to gain a better understanding of the way in which magnetic field topology affects magnetotail particle distribution functions.
The treatment given in this paper is applicable to both ions and * electrons. However, we will primarily refer to the ion motion for " illustration. The modifications needed for electrons are trivial. The emphasis of the paper will be on the physical properties, rather than the mathematics.
II. The Model
In order to model the motion of charged particles In the magnetotail, we consider a magnetic field given by B -Bof(z)x B nZ, where B 0 is the asymptotic field in the x direction, Bn is the uniform normal field and * Bof(z) Is a neutral sheet profile such that f(-z) --f(z). In this paper, *i we primarily use the Harris configuration (see, for example, Wagner et al., 1979)
where 6 is the characteristic scale length of the magnetic field.
This field configuration and the coordinate system are schematically shown in Figure 1 . For convenience, we also use s to indicate the distance from the z = 0 plan along field lines; parallel to B, we have s + +-as z + +-, and, anti-parallel to B, we have s + --as z + --. The treatment is also applicable to other quasi-neutral sheet configurations and another example, f(z) = z/6, will be discussed.
We choose the gauge such that the vector potential is
For the model field of equation (1),
The single-particle motion is described by the equation of motion [
We first consider a number of general properties of the particle motion.
It is easy to show that the motion in the x-z plane can be ".
described by an effective potential given by
so that md 2x/dt --ar/ax and md 2z/dt = -ar/az. It is also easy to see that the magnetic field lines and the constant -r lines have the same geometrical shapes in the x-z plane (see Figure 1) .
It is convenient to express equation (2) in the dimensionless component form:
2 n n dT where the normalized variables are b i B /3 , X -(x -P /ma )/b 6, n no' y n n Y -(y + Cx/mln)/bn 6 , Z a Z/bn 6 and T -nt. The normalized Hamiltonian is then H -H/(mbn 6 2). If we use the magnetic field f(z) -z/6, the ratio bn can be normalized away completely, indicating that all parabolic field * lines can be scaled to any other parabola. In general, a solution of equations (5) - (7) represents a set of orbits corresponding to different choices of Py and C . .
The above system of equations (5)- (7) is invariant under the replacement Z * -Z. In addition, the system also remains invariant under 
III. RESULTS
The system of equations (5)- (7) is solved by numerical integration. A useful technique for displaying the long-time properties of the particle motion is to use the Poincare surface of section method (see, for example, Lichtenberg and Lieberman, 1983) . The regions C1 through C5 are, of course, fully populated with orbits and they will be discussed in the following paragraphs.
The orbits in the region marked A are bounded and integrable. Several sample integrable orbits are indicated. Evidently, there is a third independent constant of motion in this region. In the present system, an integrable orbit densely covers a two-dimensional hypersurface whose crosssection through Z = 0 is represented by a closed curve. In the absence of any noise, the orbit remains on the hypersurface indefinitely. The figure also clearly demonstrates that there is a large stochastic region, marked % "a B, where the orbits are sensitive to the initial condition. The stochastic region is disjoint from the integrable region A; that is, there is no orbit *that can connect the two regions.
The model system described by equation ( At the center of an integrable region is a fixed point, which is mapped into itself after a finite number of iterations of the mapping, equations (5) - (7).
A fixed point occurring on the axis X = 0 is mapped into itself by each iteration of the mapping. For example, for H = 500 (Figure 2(a) ), a fixed point occurs at X = 22.591 and X = 0 . Figure 4 (a) provides a three-dimensional drawing of the orbit. Fixed points occurring off the axis have higher periods and the orbits cross Z = 0 more than once.
Another type of orbits of interest are of the transient type.
*. Figure 4 (b) gives a drawing of the orbit which crosses region CI at X = 0 * and X = -26 (see Figure 2(a) ).
From the symmetry properties of equations (5) - (7), it is easy to show that a fixed-point of any orbit is symmetric about Y = 0 because it closes onto itself. In addition, orbits associated with fixed points on X = 0 are also symmetric about Z -0. Moreover, it can be shown that the integrable regions (Z = 0) are symmetric about X -0 (i.e., Y -0).
The integrable orbits themselves, however, are not symmetric except for the fixed-point orbits.
In Figure 5 , we show a surface of section plot for the field configuration given by f(z) = z/5. In this system, all the field lines are parabolic and the ratio bn can be scaled away completely from the equation n of motion. In this figure, H -500 and the plot shows features similar to . those in Figure 2( this system with the Harris-type system (equation (1)) is that the field lines remain parabolic for all Z so that essentially all orbits are eventually reflected.
In constructing this plot, we have imposed an artificial cutoff condition in order to limit computing time, typically corresponding to T of the order of 5000 and maximum Z of roughly 300. As the cutoff time is increased, reflection from greater maximum Z is included and the "blank" regions decrease in size. In the limit of infinite cutoff time, we believe that each "blank" region diminishes to a point corresponding to the orbit that can indeed reach infinity for each value of H. These orbits are somewhat analogous to the trajectories passing through the origin of a dipole field (Stormer, 1955) . The stochastic .. region is then covered by a single orbit and the parabolic system contains no true loss-cone. However, the orbits can extend to large Z values so that a given orbit in this phase of its motion may be regarded as having escaped the system for all practical purposes. For the parabolic field case, the large integrable regions also vahish for H < 6.2 as in the Harris-type case.
It is possible to understand the previous results in a more unified fashion. Wagner et al. (1979) , the most comprehensive of the previous showing the manner in which different regions of the phase space are connected to infinity. One unique feature of the Harris-type system is that all non-integrable orbits extend from infinity to infinity via the Z = 0 plane. Therefore, the stochastic regions consist of infinitely many orbits, each having measure zero. For the parabolic field, no loss-cone appears to exist and one orbit can cover the stochastic region. However, a stochastic orbit can extend to large distances (IZI >> 6 ) so that, for all practical purposes, it can reach the external regions. In a physical
'-system such as the magnetotail, the "external" regions may include the * magnetopause or the ionosphere. Based on the new understanding of the nature of particle orbits in the magnetotail-like field configuration, we suggest the following scenario.
Suppose the system contains a population of charged particles in thermal We refer to the above process as "differential memory". Clearly, the new distribution is highly non-Maxwellian. The phase space structures as shown by the surface of section plots provide specific clues regarding how the changes in the external regions affect the distributions in the quasineutral sheet.
In the context of the earth's magnetotail, it is believed that the collisionless tearing instability may play an important role in reconnection processes. In the usual consideration based on an Isotropic neutral sheet, the growth rate is found to be slow in comparison with the relevant time scales such as the time delay which precedes the onset of substorms. However, it has recently been shown Chen and Lee, 1985) conditions. We add, however, that the above discussion does not take into account the possible stabilizing influence of the normal magnetic field on the instability itself under certain circumstances (Lembege and Pellat, 1982) . This point warrants further consideration and will be addressed in a separate paper.
As we have seen, the particle distribution in the tail-like system is determined by many complicated dynamical properties of particle motion. In this regard, it is important and informative to realize the distinct nature of the three regions in the phase space. Suppose an observer measures the properties of a distribution of particles at some point in a system such as the model system. It is then possible to construct an inverse mapping from [i the observation to the phase space and identify the type and nature of the orbits. Thus, the surface of section plots may be helpful in organizing observational results.
Finally, we point out that the above results and discussions are based on single-particle motion. In order to determine more quantitavely the nature and associated time scales of these processes, it is necessary to follow an ensemble of particles. This work is currently underway.
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